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Abstract: 

Abstract of JP2003014620 

PROBLEM TO BE SOLVED: To provide a time region polarization analysis 
apparatus for deriving the complex optical constant spectrum of a sample at a 
tera Hertz region without requiring any reference measurement. SOLUTION: The 
polarization analysis apparatus comprises a light source for generating light 
pulses, a light splitting means for splitting light pulses being emitted from the light 
source, an electromagnetic wave radiation means for radiating electromagnetic 
waves by inputting one of the split light pulses, a paralleling means for paralleling 
the radiated electromagnetic waves, a polarization means for inputting the 
parallel electromagnetic waves and transmitting polarization electromagnetic 
waves and switching a polarization surface, an analysis means for inputting 
polarization electromagnetic waves being reflected by a sample and transmitting 
polarization electromagnetic constituents, a condensing means for condensing 
the transmitted polarization electromagnetic constituents, an optical time delay 
means for delaying the time of the other light pulse of the split light pulses 
variably, and an electromagnetic wave detection means for inputting condensed 
polarization electromagnetic wave constituents and the other time-delayed light 
pulse and converting the condensed polarization electromagnetic wave 
constituents to electric signals. 
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m-^t. m\^titzii&<7y-i}<r>%fvv:^i-^m<.z^ 

mm^^^hmmmmm^^t. m^^fifzmim 
%mwm.-^ t mw^msm $ titzm<^-ii(^%^ 
t^x-^Lx. m%^ixtzm%m%wmm^nm, 

(,isitii^tLfz^jvu;i.^m\t^mwmmt . mi 
tz-ij(r>%f^)vx ^x-n Lxwmmmhnmm. 
mf- 1 , m^fitzwm sr¥mb-ri>m i <r>%^}h 
'^mt^ixtz'mmxiiLxm^wm^mk^ 
^K-ym%mimmms:mm-t. wmx-mttzm 
wmmMmx:h Lxmrnmrn^mm^h^ 
m-t. msm^uzmmMW.m^m%thw.2<n 

^^t. 'itm^ixtz^<ri-'1i(r)%JMV:?.^:-^mfi^z^ 

mmtmtmmmm^tifzm<7)-ij(^yt^vi'^t ^x 
i]ix. m^^tifzmiimmm&^-!^^mm^i<z^ 

m^m 3 ] mmx-mttz s mtmmmmpm^ 
Mmmmumm^mmmuzf^mmm^y 

i/m<7)miintiii-hMiiimt:Wiz^i-^ ztm 
mtt^ mm i xmsm 2 izimmm^mm, 
[ mm4 ] mBma^mK mn-m itz s 

mm.t/pmmmmzm-im<r>m<mm) m 

mm d^-s, {a^Rx/d^ ii^ti^iiumx-m 
§ tifz s mmm^m p mytmmmcom )im^^x 
nm^^&^^^^ h)}^^mzmtiit^ ^ t mmtt 
h mm 3 \.zim,mmm^m. 
mmb ] mti^&(n^mLt^ 1 0 0 gh z 

m 1 *^ (>mm4 <d\ ^-tixt^cnmm^ztmm^fm 

i.i^wv-'fx'hh^t mWibthmm 1 t^hm 
m 5 <^\^-ffi-h-^<7ymmi>zumcr)m^wmm.. 
{ mm 7 ] mti%m\^mj,m%i%mm.-h^. 



y 'y^xs>hzt immt thmm 1 iph 

mm 6 (^\r^-ftii}^<r)msmzmmm^m^m, 

'vrt . wssmmt'hiaiii^tifz^jvux^^m-r^'^ 

(>m 1 m^mmmmtim 1 m^:^Tyrt . 
^wi^tifzitLco-uco^^vi'^^im^^xmiiMmxm 

rt. '\'m\:^tifzmmm^h^2mm.m&miii 

m^^xmrnx-m uzmi^ 2 commmmmtm-^ 
ll2<o«iaj;^-f yr^. B^^iEfll^^o-:^^c7)3t>'^v^;^5r^ 

I mm 9 ] mm 1 m^mmm^ s mmm^ 

mmmm ixm^znixm^'^ hjuffi'f-mmm 

m (7)\,^i'tLt^ijx$)^ . mim2com^mmm^^m 
(o-ux'hhzt i:mwibtimm8izsmmm 

[000 1] 

m-m • mmx-^mm^t^mmsmmij 
mi>zm-tn><ox%h, 

[0002] 

imk<^mj] Ty^Juy'mM ( 1 0 oghz~2 0 
THz) izmmmmm^mit. zmm.mzh 
ifmm<7)mmtmmmi}^h^j:hmmmvfm. mm 

KrAmrs-^romg^Wj:h:i<i!^mt-^i'iZ. U^mz 

m^x-^^t\^ommi:^i-i^^&x'hi, ^h^z^ 
;^ tiw-r s . mmmmx-m^-mi c t *™ 
f&. nmmm^tHmx'hh, z<7^xo^j:'^Mt'hTy 

[0003] T-y^ju^'MmmmmimmLfzf^K 

mmix^^h. i&cr>m^(r)mot^<7)mnzh\>^xii. x 

■thfzMz. mmm^mttzmmmm^th. 
[0004] u^m 1 commmmzx mmmm^^m 
(Dwrn^m 5 ^mitxmm^ . vtm 1 <r>\^mm 
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Xl^-if 1 0 Otijfcl^— fVNVU;^ 1 0 1 $:^-ri>. t' 
-Kxr^) -y 1 0 2{i. A:^] t/viTteU-if^NVUX 1 0 
1 Sr^il^ LT3I£U— r^VU;^ 1 0 3StX 1 0 4 $rai:»]t 
2., fAVU;^l 0 3{imia!^ltffl{cfigffl$ii. 

3ti/-ifAvi.xi 0 4iimja^aiffl3fefE^Si^i i o 

7-1 2 0, ^3 -yA'l 0 5, UyXl 0 65:tn-LTT 

[0005] imrvT-^ 1 0 8{S3te^-if^^v^;^ i o 
immm i oi-cmt^ti. mf-\ i o g^zxia^ti 

m.W.X\ 1-3 k \{z<^WmX'±V-^n)VX i o 3<r> 

m.pixfzwmmm%\mm=tx'hh^mryTi- 1 

1 0(3Alt$iiS. «iaiSi^-C'*)SSftr:^r-M 1 0 
\i7 xM,V¥y\y-^JVVx 1 0 4 tcj; oTijg^ia^^P 

[0006] t'-AXr U -y 1 0 23!)>^)ai:^]$*l^^fl!l 
iOl^— f >NVUX 1 0 4 fi, WJ^mX'hh Vha^yu^ 
^111. S7-128. 129. uyXl3 0t:U^ 
lX^mTy'ri-ll0^zX:n^til, Uhn'j71x^ 
^1 1 l^KOWtTtinliiXr-yi 1 2 $r^Epc7):^fai 
(C^iJ$-li-S ; J: 0 , U-1f AVPX 1 0 4 *iSfir 
yr-M 1 O^rl^-fi.^^ 5^^^ (Bg|t^-f S y^/O 
B#SS®«) limit mStililll 2 6{i. SfiT 
yr:M 1 0£7)|±}:»jfi-^$:ii1s-rS. ay^^yryr 
12 7{i, mg£iiilBtffl2 6iOai:>3fi^i:f-3-yA-10 

5<?)iiiiEiMWi# (X{4iiiig«iaifi^) t^x:hl. S 

oStililff 1 2 6<7)tU:'jfi-^c^ft'*»^>f-3 -y^'l 0 5<^III 

[0007] nJSiXr-i^' 1 1 2 5:^i6$-(i-Ci^^®E 
fi€:^;t=5:*^4), #gMief^{;:tittl.n>y^'>f yr^r 
1 2 70{i}:>]fi^ (r7^;^7^^K«[<^^Ji) 

%x'^h. %m.(^}-^^i.zummxLfi^t^ox 
ti:\^^^tx'^ix^'tivm'^wmim'^L. 



X'th. 

[ 0 0 0 8 J mms^ 2 <rmsmi'itmiX'\i . m^ti. 
Thhmmmmx'mLtzmTmmmmmt . r 
mix'hhzt t^Wimthhmw t ( u 7 r 
i^yx) (Dmmx^mLtzwmm^'^mmt^im 
m^mm:^^^ v)V(^)^c^t'>xwMmmL 
7.^^ Yiv^^h . mm 1 x:\twm(nmk%im% 
t . mm 2 x'\imm<^m%^m^'th . 

[0009] 

mmx'mfzifii<z\mmb 'j 7 r vyx(r>K^m<^m. 

^^jxm\:XTmJ^X'-m^h-Z^ti^hh (T. I. Je 
on and D. Grischkowsky: Applied Physics Letters, 
Vol. 72 , 3032-3035 (1998), ) , Ztl\i-m^^mPt 

t^)v^-(r)wmmmx'\mn^zmm.x'hh. ^mm 
rM\ihtz^\,zmMmfmv\mt'^m\(7^mmnm^mA 
mmi.zmm. m^mmm^zmhmmMmxfm 
^mtwrAmmiziiiihmmMmm^m^ Lm 
m^<r>immmsi^i^^LtzT'-9>fSkmzii-iX. 
-\-'r}mj§.ri%h-n'm^^fix\^i, mm im 

w^^) , L*>u:5r*>'<i>, ^(n^mmmizmjfm 

[0010] mmmmtm^mmizti^^ 

•C, ^JyrUyxm^t:^t-fiz^^^mmiiilXdt 

m.m^mMixfO:L-x^-miii)t>. ^tihcor 
-^i)-mmx'3b^mm.mm<7)mtnmi^i^hm 

J&^j6l^$tlTV^I. (M. Li et al.: Applied Physics Le 
tters. Vol. 74 , 2113-2115 (1999), ) . Z<7)^mii 

z:<m^^m(omMmm^x'^ 6AX'mtix\.^htK 
mn i^i%>rzx/i,z^mTyTi-c7)m.^mi}''r'm 
i)^hh . mmm^mizni^xiimry'ri'i: h u 
^— ri>7xA hf!fyvuxu-^^<7)mt:xisimm 
t^tzmzm.tismti^h o , m^z^^^m t 
t'mmmx'^j:^\ ii}^{j^^tix^^h^mx'imm 

[00 111 

mmmmthtzubcD^m ±t^(r)mm^zt-^t<^ 
T, ^-(^xmx'comm^^ziiK^x . u 

<, ^m<^imm(^m\^MMX'i>mm^^^x^ 
[0012] ±is.mi:mm-hfzibiz. ^^^itTH 



(4) 132 003-14620 (P2003-1PA) 



<^m0Li^t^. m^i<r>mii. ^^vu:^i%±t 

^mt:mM^^h^ytmt. mmj^uzmytmrn 
ik^^^:m^-tm^^m.^wi^tifzmco-ij(r>^ 

M^^tifzwummmm^^tmBmmm^ii 
rzm--ijco%^v\^:k b ^xf} IX . m^^titzmm 

[0013] miS(m2<r)mit. 
Mb . mS?yemt-(>liitii^tifz^^v\,;(.t:mthm 

w\mmb. m\ifz-ij<o^^vux^xmxmmm 
mtimmmkm'i'b. m^titzmm^'f-mt 

mmmmm^'tK-:>mmimtmm^j:m^b . 
mrnxmuzmMmmmm^x:^ ixmmmmfs. 
^imm^^m^'i'b. mmm^uzmmm^^^ 
^M^thm2<o^^^b. ^wi^titzmco-ifcD^^^ 
fu:^t:-^mizv^wimm^-^m3m:^jhb. m^t^ 
titzmiim^mm^f&-^bmummmm^tifzm<r>-ij 

(r)%jvvx b LX . m%^fifzmWM%%m:m. 

'rti:nMm^i.zmkfmmwm!m^b. s-^^i.^ 

b mwibtm^tmmmxhh, 

[0014] mmsmm^t. 'mx-mLfzsm^ 

wm.mpmm]mm%mMmnmmm Lfz 
^wi'rtmm^y-'):L^mL. sm^mmmmpm 

{z^th^b mwib-Thmim i yj,tmm2t.ztm 
mitmm.xhh, y~')x.^mbmw^mz^ 

[0015] if^]S4coi&Hj(i, mimtamtiK mm 
x-m uz s mmmmm p mmmmmmbm 

p ii^ti^'tismmm^Rx/pmmMmzni'im 

ii^ti^mmx'Rmtirz s mtm&mx/pmm 

ta-th z b trmbtimm 3 iztmmmmms 

[0016] mm^5<Dwm. mumm<^mmLt^ 
iooGHzi)>h20TH2.a)mmmp^xhhzb 

^ztmmitmmm.x'hh , 

[0017] m^me<r)mm. mmtwfi. yxM.v 



Wn)V:kV-^X\i^mW\^-^XtbhZb ^mibt 

[0018] mmimm,t. mmt%m^WLyu>m 
tm.mmmi^. t*-A;^r u v ^x-hh z. b imib 

mm^mxhh. 

[0019] mmsm^^i. ^m^h^^^iv^.^^ 
^^^h%±y^T"yrb. mmMi)^hfA^Wz%'^ 
)vx y Tb , m\ uz--n<fmi^)v 

x^x-n\^xw&m:mith%wmM:^i-'yrb. 

Kelt ^ii/L-mmSt^^ff-fC-ri. W'fUr •/ rb . ¥ff 

\t'^ti.tzwsimi^h% 1 (nrntwrnkm^-fh^ i o 
'mtxr-yrb . 'jfWi^i\tzmi-'-yi<rm>^)vx^m^ 
xm^x-muzmm, i <r>'mmm:mxth 

^\(m.'^^:^n••yrb. ^■^\Y.^fifz%mm^(o%2<r> 

mmmm:m!{th^2(^mit7.'r'vrb . umim 
-'ij<Dyt^vi'X ^m^^xmrnxm uzwmm 2 myt 
i8fiaii[$r«!aj-ri.ii2io«iaj;^r'/ri:, mm<^-'ij 
(7)^j'^)\,x^-sj^mz\^mmm^-^^m^m^mmx 
T^vrb. ^^-rhzbrnmbt^mmmrnvh 

[0020] 115^31 9 coiEBflji, mm. 1 (r>m%%mis^ 
if^mmjm {x^w,zn\^x%%^9V}Vifmf£ 
%mk) mfprnimm. {xmm\zn\^xw%^'? y 
)vm''^ts:%m& ) <r> V ■^^tli?--nx'h 0 , mm> 2 <r> 
mmmmm<r>-'ijX'h hzb^mbti mm s 
izMmmmmiomx'h i . 
[0021] :^mit. ^-(oxmx'<^Rm^izi5 

m-tzb^j:<. mmmcommcom ^umx t mm 
^x^^ h}ui:mm^x'm^x^ hm^mmmm 

[0022] 

im<r>mmmm] lar^i^mmm^thtziibcom 
^mm^mmiz^sLfzmmmi>z-D\,^x . mmbbi, 

[002 3] mmmn aTmmmt:m\<^x:^m(r> 

^miiTB(r>mmnzm^ixmmtiii,<Dx 
fi^v^. HI (a) ii:^^m(ommm<om^fmmm(o 

fy'^JVV'im!^ ( 1 00GHzA>/i>20THz) ctdW- 

-^%xhh. t'-Axru-y^2 ',%m\^'^. %% 
x-huz%v-^n)vx^%^.i,xitv- 
f-'Avuxi ost/^1 1 ^^-n-th, >c-h.xr^)'/9 2 
{±. mx.\v\~-p^v-xhh. itv-'fn}vx\o\i 
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[0 0 24] r^NVl-;?.! 0(i, 5 7-4 0, 

TyTi-sizinm^i^-i'^vu:^ i o*w$iirv^ 
mmmm^tmti. misiryTi-3iiTy^j\^y 
mmm2o^mi-h, mmLfzmryTi-siim^ 

mm^^^hMK mmMim-f}mzMixmm.^j:m^iz 

Ie«s"C'> 1 ~ 3 k h z ojsxB-cafcP— f 1 0 <r>m 

10 0 25] ^^^tifzTy^)\^'ymmm on. 
mi^yxA3mmmmA {^mt^^. mico^t^ 

Jh) T'TO^t^tl, mm-3 0 t3Alt$^l 
I.. m%=f-30\i. r7^;U7«®^2 0i04'3&^/i>#^ 
<0®3tmmjS«^^$:^3g$^irl.. ■(iT^ii^BOJi:*^^:// 
m<7)^Ji7'f 1 0;um^<7)rail-C'^|ijM^^c7 
^ U ■/ YX'h h . (i^t^ 3 0 ( W4 5 cOEfi^) h V ^ 

(i^i(lt7yT:^3^o^l:m^za<c:fc*^'t'l=s. ^^viii^t 
^3 0 Mij^n^nrnzum-^ hif^jvnzmmh 

[0 0 26] t-rmi7yTi-3i}^hm^titiTy'^ 

7^7«^s^2 o<7)oiom%=F3 oi,zi:nxsm±wsm 

■tti>. ) . ^(^■m.xm%=F3 0(r)-n^m9o^m, 
$ ^iifi' P mmm^^ ( x(i s mmm^ ) o tB $ 

ixS (HI (b) #B§) . sfl3feHag&{iAtfffi(cWt 

[00 27] msTy'^■r3^zm%m.tl^ti:\1^mi. m 
%i-3 0 ^m^LtzsmmMm.v^pm%mmk<7ym 
mj/mim-xh h . feitr yri- 3 mmm 

t^ztifi$>?>, ic7)i^{iScl*ryri-3*»/c>ficSt$ 

l^®(cWL4 5^0:^Jg^=Sr^J; 9 tc&ltryr-f 3 ^ 

[ 0 0 2 8 ] ISIS} 5 $rRSt tfv:r7^;l^7lUS?S2 1 
( sM^tSiSiSXtiPd^mE^) (i, 3 1 (fil 
3t^ia) iZ^mzXI^^tll. ^3t^3 l(4ffipfei^3 0 
i:|5iei<0'7'f-\'^^y>y (lai (b)#B§) , K 



3fe^^Si^-c'fti.Sfiryrt7 (iis^ai^g, m 
mmmm^) t:Ait$ni>. ^aj^i^-c^^sfiry 
r-^7t47xA^^j-^^-^fy^v^xl ii,zx^xmm^ti 
t:'mnzmu^tix\>'^^7-y'^f\^ywm(7)mmzitm 
LtzH^^tiiUti, §^tryr:^7^7xi.^#^- 
ifvNVPx 1 1 izx^xmm^tix ^^hmtzimmmzm 
mc^sro, mm'^i^ibni/m&i.z^j:^, m 
ryT^umm^ii^tii. ^mtammmii^ 
\^mtiimmmm.-)jmzMixmwkmp^izh oao 
xmi^zmxA 5&<onmi:^j:txoi,z. ^mryT 

[0029] t'-AXrO -y ^ 2X'^Wl^tltli> 0-U 

mmmim<^^\^-i'^'<)\^xi Hi. Rmxhi> 

UhoU7^^:?44, 5^-4 5. UyX46^mA 

Lx^mryT-tuzxii^tii. ^u-'f^vuxi i 
t^^mTyTi-7izx:h^tihb. ^mryTi-nm 

mmzmmm^t. ^mmz^mryr-f-nzmm 
it:mmm2 i<7)mmizitmifzmmm.i. r 
itimxh ivhuV7u^^44 ( ^^mmmm^ 
^3<7)yt^^) {4, t'-Axru7^2i:gmry 

Ttl(Dmi.Zim^tlX^^^. y hQ';7Ui?:?'44$' 

ZtizX'O U— TAVl^X 1 1 ^7)3fe88:i7&^^l: l^-if 
^^V^X 1 1 A<^firyrr>-7 SrHStl):?^ 5 (B3 

iHiti4 8{4. mTyTi-7<7)iiim^immh. 

0- y^>f yr yr 4 9 ti, «»iEii<i^4 8<oai:^3fi-^i: 
f-3 'y^^4 icommmm^ (x^isiiK^iiifi-^) ti: 

[0030] -^mx7—i^3 2i^m^'txv^mmm& 

?:^;t^*<<o, #iijiB#ISIlct5{t I. a. yi7>fy7yr 4 

AW^4 5S<7)J®-&OnSSi'>xA (0.136 Qc 
m, l?$0.7mm) «Os&tXpfll3fc1Sa81[<^RS*mfi^ 

iOB^^^j^l^jew, (t)S,t>'Wp (t) (t:B#ra) Srd 
2t3^-r, *-^c[12cOT-^*^'b-eii'fil5:7-yx^ 
mL-CJt5ri:o-C#<?>nf>:X'j7-y^h'J-y^ • Ty/ 
;P<Oji«^-fli?:0 3 l:^-r. H 3 ^^'^.H-m^ 
^if^1t^S*f$X'<.^ h;l'$r04t::^t . =5:*3, I13S 

[003 1 ] mmm<r)mitmm.{zii\^x\i. ^y t- 

1- :? 5 1 *>'*g^$:Mo-C^»Xr->''3 2 SrgPgWtC 

(U-if>NVUXl l*^firyr-^7 5r 
ii^-ri.;?^ 5y^$r^;c^*^''?>) , n-y^-fyryr 
4 9<7)tt}:»3ft^ ( sfi^mJSj$(oai:»7fi^Jit>'p{i7fe« 
lKiS<^il}:^]fi^) $:)i»:3yfj.-:?5 H2A:^-rs. 
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[0032] WKDmmmizh^^Xii. llS#*^^»l>^r 

-x3 2immz^m^-^^j:ti^^. ^^j^a vrv-r 

Es(v)- |Es(»/)|e'''(^J 



[0035J 



Ep(v)o |Ep{v)|e 

[00363 s m^wm.mfp'mmMim'mT^'^ 

Ep(v) |g/>(v)| ^i{i.(vM.(v)} 
Es(v)''|E5(v)| 

[00383 zti^\mmi^tix\^mmwmzi5 

<=>^^ilT*3 0. 01Ji.(i'R.M. A. Azzam and N. M. Bash 
ara, "EUipsometry and Polarized Light" (North-Ho 



[003 3 3 3yt°i-^'5 1 (©tti^s) «i, ±fe«^ 

(t) (t:li#^) ^^ix^-tl^:y-'}X.m^tht . R 

s (i/) . Ep (v) t<^tl^tl'i^htll. 

[00341 

[itll 

(1) 



[S(2] 



[00373 
[^3] 



(2) 



r,(v) 



'K(vM.(v)} 



(3) 



Hand, 1987)^i:'tCi£ii$^TV^|,, mmm^Wi^ 

( n - i k ) ( n itmm^^^mmm k mm^ 

^^^cnmm t L. «Sf^«^5r £ = e 1 - i £ 2 

bth. Oq ^:mmmwpV\<^xmtLx . 

it (4) <7)J:o{zni:kt'^$ni). 
[0039 J 
[|S:4] 



-r-siii^0„ 



|cos^(2y)-smM2y)sui'A[ 



{l+sin(2W)cosA}^ 



(4) 



[004 03 nm^Ze^^t^ (5) <7)j:3twni:kf^ [0 04 13 



e -2«it-siii^ff tan'gDsin(4y)smA 
^ " {l + sin(2V)cosA}* 



(5) 



[004 23 z.tih<r)mmmmi. 
a 2\mm.%\mi§.(r)fm) ( 6 ) si/^ 

V 



[0044] 



[00433 
[^6 3 



(6) 



[ia7 3 
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[0045] ^^mizxtni^--(7)?jsin^zmh sm 
<7);vfx'jry^ ho-/^- rvVivx-hh t a n *a 

mxum^^coum^<m^immi>zm^ t mwx- 
x'm%^^:^'<^i^V)vm%htih, ^wm^f^^ 

[0046] 

vm'^ti: uzs mm.r/ p mmmm(om^(om^ 
mmmmm-(^mmzis,mmm^^m^^i^ h 

w,m<o^<ommmmi>z^j:^. ^^mi^zMt. 
<7)mnx<7)mmmzh\,'^x . oyr u>'xs«^^r i 

i,z. ^j:m>r>mi<zMx^mt:ib^j:<. wmmcomT^ 
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